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Description
BACKGROUND
1. Field

[0001] Apparatuses consistent with the present disclo-
sure relate to optical apparatuses using reflection geom-
etry.

2. Description of Related Art

[0002] Mostreflective collection optics accordingtothe
related art use a dichroic mirror. Incident light is perpen-
dicularly radiated to a sample by being reflected at 45°
from a dichroic mirror, and the light reflected from the
sample transmits through the dichroic mirror. However,
as the dichroic mirror is typically arranged by tilting at
45°, space for the arrangement is needed and an optical
path is extended. Furthermore, when the incident light
perpendicularly radiated to the sample is reflected out,
many cutoff filters for removing unnecessary reflection
light are used. Accordingly, in connection with the use of
a dichroic mirror, the size of a system increases, the op-
tical path is extended, and manufacturing costs increase.

SUMMARY

[0003] The invention provides a reflective optical ap-
paratus. The reflective optical apparatus uses reflection
geometry that is advantageous for miniaturization and
reducing weight. Further, the reflective optical apparatus
has a relatively simple structure without using a dichroic
mirror. Furthermore, the reflective optical apparatus al-
lows for reducing an optical path and manufacturing
costs.

[0004] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the presented embodiments.

[0005] In accordance with an aspect of an embodi-
ment, a reflective optical apparatus includes a lens ele-
ment disposed to face an object to be measured; a light
source configured to generate an incident beam that
passes through the lens element to be incident on the
object; and a photodetector configured to receive light
that is scattered by the object; wherein the incident beam
is obliquely incident on the object off an optical center
axis of the lens element, without passing through the op-
tical center axis, and wherein the scattered light is trans-
mitted to the photodetector by passing through the optical
center axis of the lens element and a region around the
optical center axis.

[0006] A ray of the incident beam may be incident on
the object by passing through a first region of the lens
element, the first region being located between the opti-
cal center axis and an edge of the lens element, without
passing through the optical center axis of the lens ele-
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ment.

[0007] The first region may be disposed closer to the
edge of the lens element than to the optical center axis
of the lens element.

[0008] Reflected light of the incident beam that is di-
rectly reflected by the object may travel off the optical
center axis, without passing through the optical center
axis of the focusing lens element.

[0009] The reflective optical apparatus may further in-
clude a long pass filter disposed between the lens ele-
ment and the photodetector.

[0010] The reflective optical apparatus may further in-
clude a guide member disposed between the object and
the lens element, wherein the guide member has a barrel
shape.

[0011] The guide member may include an aperture
configured to expose a partial region of the object.
[0012] The lens element may include a first lens dis-
posed at a center of the lens element; and a second lens
disposed around the first lens, wherein the second lens
has a donut shape and is configured to focus the incident
beam on the object.

[0013] The lens element may include at least one lens
unit disposed on a periphery of the lens element in a
direction perpendicular to the optical center axis of the
lens element, and the at least one lens unit may have a
ball shape and may be configured to focus the incident
beam on the object.

[0014] The incident beam may be one from among a
plurality of incident beams that are incident on the object
through the lens element.

[0015] The plurality of incident beams may have a
same wavelength.

[0016] The plurality of incident beams may include a
firstincidentbeam having afirst wavelength and a second
incidentbeam having a second wavelength different from
the first wavelength.

[0017] The photodetector may include an image sen-
sor or a spectroscopic sensor.

[0018] The reflective optical apparatus may further in-
clude a relay optical system disposed between the lens
element and the photodetector, wherein the relay optical
system includes a first relay lens, a second relay lens,
and a pinhole plate having a pinhole, the pinhole plate
being disposed between the first relay lens and the sec-
ond relay lens.

[0019] The reflective optical apparatus may further in-
clude a fiber-type coupler configured to transmit to the
photodetector the scattered light that has passed through
the lens element.

[0020] The reflective optical apparatus may be config-
ured not to include a dichroic mirror.

[0021] The incident beam may include a laser.
[0022] The scattered light may include any one from
among a Raman signal generated by the object, a fluo-
rescence signal, and a photoluminescence signal.
[0023] In accordance with an aspect of an embodi-
ment, an optical apparatus includes a first light source
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configured to emit light; a lens configured to focus the
light emitted by the first light source onto an object; and
a sensor configured to sense light scattered by the object,
wherein the light emitted by the first light source is inci-
dent upon a first edge region of the lens without being
incident upon a center region of the lens.

[0024] The sensor may be positioned to receive the
light scattered by the object without receiving light that
is specularly reflected by the object.

[0025] An optical axis of the lens may pass through the
sensor.

[0026] An optical axis of the lens may pass through the
sensor without passing through the first light source.
[0027] The opticalapparatus may furtherinclude along
pass filter positioned between the lens and the sensor.
[0028] The lens may be further configured to focus the
light scattered by the object as it travels toward the sen-
sor.

[0029] The optical apparatus may further include a
guide member configured to house the lens, and the
guide member may include an aperture through which
the light focused by the lens is incident upon the object
and through which the light scattered by the object is
incident upon the lens.

[0030] The lens may include a first lens configured to
focus the light emitted by the first light source onto the
object and a second lens configured to focus the light
scattered by the object.

[0031] The first lens may have a ring shape and may
surround the second lens.

[0032] Thefirst edge region of the lens may have a ball
shape, and light emitted by the first light source may be
incident upon the first edge region of the lens that has
the ball shape.

[0033] Theopticalapparatus may furtherinclude a sec-
ond light source configured to emit light, and the light
emitted by the second light source may be incident upon
a second edge region of the lens without being incident
upon the center region of the lens, the second edge re-
gion being different from the first edge region.

[0034] Thefirstlightsource andthe second lightsource
may be configured to emit light of a same wavelength.
[0035] The first light source may be configured to emit
light having a first wavelength, and the second light
source may be configured to emit light having a second
wavelength different from the first wavelength.

[0036] The optical apparatus may furtherinclude a first
relay lens positioned between the lens and the sensor,
the first relay lens being configured to focus; a second
relay lens positioned between the first relay lens and the
sensor; and a pinhole plate positioned between the first
relay lens and the second relay lens, wherein the light
scattered by the object passes through the lens, the first
relay lens, the pinhole plate, and the second relay lens
before being incident upon the sensor.

[0037] The optical apparatus may further include a re-
lay lens positioned between the lens and the sensor; and
a fiber member positioned between the relay lens and
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the sensor, wherein the light scattered b the object pass-
es through the lens, the relay lens, and the fiber member
before being incident upon the sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] These and/orother aspects will become appar-
ent and more readily appreciated from the following de-
scription of the embodiments, taken in conjunction with
the accompanying drawings in which:

FIG. 1 is a cross-sectional view of an optical appa-
ratus (reflective optical apparatus) using reflection
geometry, according to an embodiment;

FIG. 2is a cross-sectional view of a reflective optical
apparatus according to a comparative example;
FIGS. 3A to 3C illustrate a result of simulation as-
suming a reflective optical apparatus according to a
comparative example;

FIGS. 4A to 4D illustrate a result of simulation as-
suming a reflective optical apparatus according to
an embodiment;

FIG. 5 is a perspective view (partially cut-away per-
spective view) of a reflective optical apparatus ac-
cording to an embodiment;

FIG. 6 is a perspective view of a focusing lens ele-
ment and an incident beam applicable to a reflective
optical apparatus according to an embodiment;
FIG. 7A is a perspective view of a focusing lens el-
ementand anincidentbeam applicable to areflective
optical apparatus according to an embodiment;
FIG. 7B is a cross-sectional view of a sectional struc-
ture of the focusing lens element of FIG. 7A;

FIG. 8A is a perspective view of a focusing lens el-
ementand anincidentbeam applicable to areflective
optical apparatus according to an embodiment;
FIG. 8B is a cross-sectional view of a sectional struc-
ture of the focusing lens element of FIG. 8A;

FIG. 9 is a perspective view of a focusing lens ele-
ment and incident beams applicable to a reflective
optical apparatus according to an embodiment;
FIG. 10 is a perspective view of a focusing lens el-
ement and incident beams applicable to a reflective
optical apparatus according to an embodiment;
FIG. 11 is a perspective view (partially cut-away per-
spective view) of a reflective optical apparatus ac-
cording to an embodiment; and

FIG. 12 is a perspective view (partially cut-away per-
spective view) of a reflective optical apparatus ac-
cording to an embodiment.

DETAILED DESCRIPTION

[0039] Reference willnow be made in detail to embod-
iments, examples of which are illustrated in the accom-
panying drawings, wherein like reference numerals refer
to like elements throughout. In this regard, embodiments
may have different forms and should not be construed
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as being limited to the descriptions set forth herein. Ac-
cordingly, embodiments are merely described below, by
referring to the figures, to explain aspects of the disclo-
sure. As used herein, the term "and/or" includes any and
all combinations of one or more of the associated listed
items. Expressions such as "at least one of," when pre-
ceding a list of elements, modify the entire list of elements
and do not modify the individual elements of the list.
[0040] Hereinafter, optical apparatuses (reflective op-
tical apparatuses) using reflection geometry according
to embodiments are described in detail with reference to
the accompanying drawings. In the drawings, the width
and thicknesses of layers and regions are exaggerated
for clarity of the specification and for convenience of ex-
planation.

[0041] FIG. 1 is a cross-sectional view of an optical
apparatus (hereinafter, referred to as a reflective optical
apparatus) using reflection geometry, according to an
embodiment.

[0042] Referring to FIG. 1, a reflective optical appara-
tus according to an embodiment may include a focusing
lens element (i.e., condensing lens member, collection
lens member, or lens element) 100 arranged to face an
object (sample) OBJ to be measured, a light source 200
generating an incident beam L10 that is incident on the
object OBJ via the focusing lens element 100, and a pho-
todetector 400 receiving scattered light L50 generated
from the object OBJ by the incident beam L10.

[0043] The incident beam L10 may be obliquely inci-
dent on the object OBJ off the optical center axis of the
focusing lens element 100, without passing through the
optical center axis of the focusing lens element 100. In
other words, the incident beam L10 may be incident on
the object OBJ by passing through an outer portion of
the focusing lens element 100, not through the central
portion of the focusing lens element 100. In other words,
aray (e.g., a chief ray) of the incident beam L10 may be
incident on the object OBJ after passing through a first
region of the focusing lens element 100 that is between
the optical center axis and an edge of the focusing lens
element 100, without passing through the optical center
axis of the focusing lens element 100. The first region
may be located closer to the edge of the lens element
than to the optical center axis of the focusing lens element
100. Reflected light L20 that is obtained as the incident
beam L10 is directly reflected by the object OBJ may
travel off the optical center axis, without passing through
the optical center axis of the focusing lens element 100.
The reflected light L20 may be light that collides against
the object OBJ and comes out therefrom, while maintain-
ing the directionality of the incident beam L10. Accord-
ingly, the reflected light L20 has a symmetrical relation
with the incident beam L10 and may therefore represent
a specular reflection of the incident beam L10. The re-
flected light L20 may not be incident on the photodetector
400, or may be incident on an inactive region of the edge
ofthe photodetector 400. When necessary, abeam block
for blocking the reflected light L20 may be further provid-
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ed between the focusing lens element 100 and the pho-
todetector 400. The incident beam L10 may include a
laser beam. The reflected light L20 may therefore also
be a sort of laser beam.

[0044] For convenience of explanation, a region on
which the incident beam L10 isincidentand a region from
which the reflected light L20 is reflected are illustrated to
be separate from each other in the object OBJ. However,
the incident region may be identical to the reflection re-
gion. The optical apparatus according to an embodiment
may be referred to as an optical apparatus using "reflec-
tion geometry" because it utilizes the reflection of the
incident beam L10 and the scattering thereof.

[0045] Scattered light L50 generated from the object
OBJ by the incident beam L10 (i.e., light of the incident
beam L10 that is scattered by the object OBJ) may be
transmitted to the photodetector 400 by passing through
the optical center axis of the focusing lens element 100
and a region there around. The scattered light L50 may
be light that travels by being scattered in a random di-
rection or a new direction, without maintaining the direc-
tionality of the incident beam L10, and may therefore rep-
resent a diffuse reflection of the incident beam L10. The
scattered light L50 may include information related to the
object OBJ. For example, the scattered light L50 may
include any one of a Raman signal, a fluorescence signal,
and a photoluminescence (PL) signal, which are gener-
ated by the object OBJ.

[0046] The photodetector 400 may receive and detect
the scattered light L50. The photodetector 400 may in-
clude a plurality of pixel regions PX1, and the pixel re-
gions PX1 may be arranged in two dimensions. The pho-
todetector 400 may include an image sensor or a spec-
troscopic sensor. For example, the photodetector 400
may include a general image sensor, an on-chip spec-
trometer, or a hyperspectral image sensor.

[0047] In an embodiment, the scattered light L50 may
be easily and effectively transmitted to the photodetector
400, and the reflected light L20 may travel without being
substantially incident on the photodetector 400. Further-
more, the reflective optical apparatus according to an
embodiment may notinclude a dichroic mirror (DM), that
is, may have a DM-free structure. Accordingly, an optical
path may be reduced, the size of an optical apparatus
may be reduced, the structure may be simplified, and the
manufacturing costs may be saved.

[0048] The reflective optical apparatus accordingto an
embodiment may further include a long pass (LP) filter
300 between the focusing lens element 100 and the pho-
todetector 400. The LP filter 300 may transmit part of the
scatteredlightL50 having awavelength range of a certain
wavelength (reference wavelength) or more. The LP filter
300 may selectively transmit only that part of the scat-
tered light L50 that is necessary for detection. Further-
more, the LP filter 300 may be provided on a traveling
path of the reflected light L20 such that the LP filter 300
may block the reflected light L20.

[0049] FIG. 2 is a cross-sectional view of a reflective
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optical apparatus according to a comparative example.
[0050] Referring to FIG. 2, the reflective optical appa-
ratus according to a comparative example may include
a dichroic mirror 30 arranged between a light source 10
and an object 20. The dichroic mirror 30 may be tilted by
45° with respect to the optical axis of light emitted by the
light source 10. A first lens unit 12 and an excitation filter
14 may be arranged between the light source 10 and the
dichroic mirror 30, and a second lens unit 22 may be
arranged between the object 20 and the dichroic mirror
30. An image sensor 40 may be arranged to face the
object 20 with the dichroic mirror 30 there between. An
emission filter 32 and a third lens unit 34 may be arranged
between the dichroic mirror 30 and the image sensor 40.
[0051] Light L1 generated by the light source 10 is re-
flected from the dichroic mirror 30 and radiated to the
object 20. Light L2 reflected/scattered by the object 20
may be incident on the image sensor 40 by passing
through the dichroic mirror 30.

[0052] Asthedichroic mirror 30 is typically tilted by 45°,
space for the arrangement is necessary, and thus an
optical path is extended. Furthermore, when the incident
light perpendicularly radiated to the object 20 is reflected
by the object 20, unnecessary reflected light may be in-
cident on the image sensor 40, and thus many cutoff
filters are used to remove the unnecessary reflected light.
For example, many emission filters 32 may be necessar-
ily used. Accordingly, in connection with the use of the
dichroic mirror 30, the size of a system increases, an
optical path is extended, and the manufacturing costs
increase.

[0053] FIGS. 3A to 3C illustrate a result of simulation
assuming a reflective optical apparatus according to a
comparative example. FIGS. 4A to 4D illustrate a result
of simulation assuming a reflective optical apparatus ac-
cording to an embodiment. In the simulations of FIGS.
3Ato 3C and FIGS. 4A to 4D, the optical design software
ZEMAX is used as a simulation tool, a sensor (photode-
tector) uses a 4E8 sensor area as a base area, a paraxial
lens is used as a lens for simple calculation, and human
skin is used as an object (sample). In the human skin,
Fresnel scattering is used as a reference.

[0054] Inthe simulation, an optical system is arranged
in the order of sensor (photodetector)-barrel-lens-skin as
shown in FIG. 3A. The size of the sensoris 1.5 mm X 2
mm. The radius and the length of the barrel (for Raman
light guide) are 1.25 mm and 5 mm, respectively. The
radius and the focal length of the lens are 3 mm and 3
mm, respectively, and a skin surface is located at the
focal point. The radius, the length, and the refractive in-
dex of a barrel-shaped portion of the skin are 3 mm, 4
mm, and 1.5 mm, respectively. It is assumed that there
is an aperture having a radius of 0.525 mm in the skin
surface. Henyey-Greenstein bulk scattering parameters,
which are scattering-related parameter values, are as-
sumed such that the asymmetry parameter g value=0.85,
mean path=0.1 mm, and Transmission=1.0. The light in-
tensity of the light source is assumed to be 1 mW, and
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the light distribution is assumed to be parallel light having
a radius of 0.2 mm.

[0055] FIG. 3Aillustrates a shaded model of a system
in a simulation of a reflective optical apparatus according
to a comparative example. The sensor, the barrel, the
lens, and the skin are arranged in order. The incident
light is incident on the skin through the optical axis of the
lens and then reflected from the skin to travel to the sen-
sor.

[0056] FIG. 3B illustrates a layout of FIG. 3A by sim-
plifying the same. FIG. 3C illustrates the shape and in-
tensity of light detected by the sensor (photodetector).
[0057] FIGS. 3A to 3C illustrate a case in which, as-
suming that a dichroic mirror is used, incident light is in-
cident along the optical axis of a lens. In this case, the
amount of light reaching the sensor (photodetector) is
0.0347 W/cmZ2. The amount of light reaching the sensor
(photodetector) is a sum of the amount of directly reflect-
ed light of the incident light and the amount of the scat-
tered light generated by the incident light.

[0058] FIG. 4A illustrates a shaded model of a system
in a simulation of the reflective optical apparatus accord-
ing to an embodiment. The sensor, the barrel, the lens,
and the skin are arranged in order. As shown in FIG. 4A,
the light source is located at a position of coordinates (x,
y) = (+2 mm, -2 mm) from a center of the sensor, and a
directly reflected light detector (reflected light detector)
is located at a position of coordinates (x, y) = (+2 mm,
+2 mm) from the center of the sensor. The incident light
is obliquely incident on the object (skin) from a direction
different from that of the optical axis of the lens, without
passing through the optical axis of the lens. The directly
reflected light of the incident light (reflected light) travels
to the reflected light detector, and the scattered light gen-
erated by the incident light travels to the sensor.

[0059] FIG. 4B illustrates the layout of FIG. 4A by sim-
plifying the same. FIG. 4C illustrates the shape and in-
tensity of light detected by the sensor (photodetector).
FIG. 4D is a graph showing a change in the intensity of
light according to the position at a surface of the sensor
(photodetector).

[0060] The intensity of the reflected light detected by
the reflected light detector in the embodiment of FIGS.
4A to 4D was 0.037 W/cmZ2, and the amount of the light
reaching the sensor (photodetector) was 0.000295
W/cm?2, The amount of light reaching the sensor (photo-
detector) is the amount of the scattered light generated
by the incident light scattered by the object.

[0061] The amounts of light reaching the sensor (pho-
todetector) in a perpendicular incidence case (compar-
ative example) and an oblique incidence case are 0.0347
W/cm?2 and 0.000295 W/cm?2, respectively. The amount
of light reaching the sensor in the case of oblique inci-
dence is therefore about 100 times less than the amount
of light reaching the sensor in the case of perpendicular
incidence. In the case of oblique incidence according to
an embodiment, the reflected light that is not necessary
for the sensor is not incident upon the sensor but is in-
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stead reflected away from the sensor. As such, as the
amount of light reaching the sensor (photodetector) is
reduced by about 100 times, the number of cutoff filters
may be reduced, and thus the effects such as reduction
of manufacturing costs, a decrease in the length of an
optical path, and miniaturization and saving weight of an
optical system may be obtained.

[0062] FIG. 5 is a perspective view (partially cut-away
perspective view) of a reflective optical apparatus ac-
cording to an embodiment.

[0063] Referring to FIG. 5, the reflective optical appa-
ratus according to an embodiment may further include a
barrel-type guide member 50 arranged between the ob-
ject OBJ and the focusing lens element 100. In other
words, the barrel-type guide member 50 may have a bar-
rel shape. The barrel-type guide member 50 may include
an aperture 60 that exposes a partial region of the object
OBJ.

[0064] When the incident light L10 is incident through
the outer portion of the focusing lens element 100, the
incident light L10 needs to be precisely focused on a
surface of the object OBJ. To this end, a guide member
50 may be further provided as a device for fixing the dis-
tance from the focusing lens element 100 to the object
OBJ and blocking external light. The guide member 50
has a circular aperture 60 at the center thereof through
which light travels to be incident upon the object OBJ.
As the light scattered from the region on the object OBJ
is focused by the focusing lens element 100, signal noise
may be reduced, thereby obtaining a clearer result. For
convenience of explanation, in FIG. 5, the photodetector
that receives the scattered light L50 is not illustrated. In
FIG. 5, reference numerals F1 and F2 denote a firstframe
structure and a second frame structure, respectively.
[0065] Although in FIG. 5 a positional relation of the
incident beam L10, the reflected light L20, and the LP
filter 300 is roughly illustrated for convenience of expla-
nation, actually, the positional relation thereof may be
the same as or similar to that described in FIG. 1. This
is applied to the relation to be described later with refer-
ence to FIGS. 11 and 12.

[0066] FIGS. 6 to 10 are perspective views of various
shapes of focusing lens elements and incident beams
applicable to various reflective optical apparatuses ac-
cording to embodiments.

[0067] FIG. 6 is a perspective view of a focusing lens
element 100A and an incident beam L11 applicable to a
reflective optical apparatus according to an embodiment.
[0068] Referring to FIG. 6, the incidentbeam L11 may
be obliquely incident on the object OBJ from a direction
different from that of the optical center axis of the focusing
lens element 100A, without passing through the optical
center axis of the focusing lens element 100A. Reflected
light L21 that is directly reflected from the object OBJ
may travel in another direction different from that of the
optical center axis without passing through the optical
center axis of the focusing lens element 100A. The struc-
ture of FIG. 6 may be similar to that described in FIG. 1.
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[0069] FIG.7Ais a perspective view of a focusing lens
element 100B and an incident beam L12 applicable to a
reflective optical apparatus according to an embodiment.
FIG. 7B is a cross-sectional view of a sectional structure
of the focusing lens element 100B of FIG. 7A.

[0070] Referringto FIGS. 7A and 7B, the focusing lens
element 100B may include a first lens 110 located at the
center thereof and a donut-type second lens (i.e., a sec-
ond lens) 120 arranged around the first lens 110. The
donut-type second lens 120 may have a sort of tube
shape (i.e., a donut shape or a ring shape). The donut-
type second lens 120 may be configured to focus the
incidentbeam L12 on the object OBJ. Reference numeral
L22 denotes reflected light. When the incident beam L12
is focused by using the donut-type second lens 120 lo-
cated at an outer portion of the focusing lens element
100B, the shape of a light spot of the incident beam L12
may be well-formed.

[0071] FIG. 8Ais a perspective view of a focusing lens
element 100C and an incident beam L13 applicable to a
reflective optical apparatus according to an embodiment.
FIG. 8B is a cross-sectional view of a sectional structure
of the focusing lens element 100C of FIG. 8A.

[0072] Referringto FIGS. 8A and 8B, the focusing lens
element 100C may include a lens main body unit 130
and at least one ball-type lens unit (i.e., at least one lens
unit) 140 arranged in an outer region of the lens main
body unit 130. In other words, the at least one ball-type
lens unit may be located on a periphery of the focusing
lens element 100C in a direction perpendicular to the
optical axis of the focusing lens element 100C. The ball-
type lens unit 140 may have a ball shape and may be
configured to focus the incident beam L13 on the object
OBJ. Furthermore, reflected light L23 may exit the focus-
ing lens element 100C through another ball-type lens unit
140. When the ball-type lens unit 140 is in use, the shape
of a light spot may be well-formed to be circular as the
incident beam L13 reaches the object OBJ and optical
power may be well transmitted to the object OBJ.
[0073] According to an embodiment, a plurality of inci-
dent beams may be incident on an object through a fo-
cusing lens element, and examples thereof are illustrated
in FIGS. 9 and 10.

[0074] FIG. 9 is a perspective view of a focusing lens
element 100D and incident beams L14 applicable to a
reflective optical apparatus according to another embod-
iment.

[0075] Referring to FIG. 9, the focusing lens element
100D may include a plurality of ball-type lens units (i.e.,
a plurality of lens units) 150 arranged in an outer region
thereof. The incident beams L14 may be obliquely inci-
dent on the object OBJ, and a plurality of reflected lights
L24 corresponding to the incident beams L14 may be
reflected by the object OBJ. Optical power may be greatly
increased by using the incident beams L14. The incident
beams L14 may each have substantially the same wave-
length. In this case, the arrangement methods of the in-
cident beams L14 and the reflected lights L24 as shown
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in FIG. 9 are examples and may vary. For example, ac-
cording to an embodiment, the incident beams L14 and
the reflected lights L24 may be alternately arranged.
[0076] FIG. 10 is a perspective view of a focusing lens
element 100E and incident beams L14a to L14f applica-
ble to a reflective optical apparatus according to an em-
bodiment.

[0077] Referring to FIG. 10, the focusing lens element
100E may include a plurality of ball-type lens units (i.e.,
a plurality of lens units) 160 arranged in an outer region
thereof. The incident beams L14a to L14f may be ob-
liquely incident on the object OBJ, and a plurality of re-
flected lights L24a to L24f corresponding to the incident
beams L14a to L14f may be reflected by the object OBJ.
At least two of the incident beams L14a to L14f may have
different wavelengths. In other words, the central wave-
lengths of at least two of the incident beams L14a to L14f
may be different from each other. The at least two of the
incident beams L14a to L14f having different wave-
lengths may be applied for various purposes. The ar-
rangement methods of the incident beams L14a to L14f
and the reflected lights L24a to L24f are examples and
may vary.

[0078] FIG. 11isaperspective view (partially cut-away
perspective view) of a reflective optical apparatus ac-
cording to an embodiment.

[0079] Referring to FIG. 11, the reflective optical ap-
paratus according to an embodiment may further include
a relay optical system RL10 arranged between the fo-
cusing lens element 100 and a photodetector 400A. The
relay optical system RL10 may be arranged between the
LP filter 300 and the photodetector 400A. The relay op-
tical system RL10 may include, for example, a first relay
lens LS1, a second relay lens LS2, and a pinhole plate
PT1 having a pinhole and arranged between the firstrelay
lens LS1 and the second relay lens LS2. The scattered
light L50 may be transmitted to the photodetector 400A
viathefirstrelay lens LS1, the pinhole of the pinhole plate
PT1, and the second relay lens LS2. When the relay op-
tical system RL10 is in use, noise of an optical signal may
be reduced. The configuration of the relay optical system
RL10 disclosed above is an example, and embodiments
are not limited thereto.

[0080] FIG. 12isaperspective view (partially cut-away
perspective view) of a reflective optical apparatus ac-
cording to an embodiment.

[0081] Referring to FIG. 12, the reflective optical ap-
paratus according to an embodiment may further include
a fiber-type coupler (i.e., a fiber coupler) 350 that trans-
mits the scattered light L50 that has passed through the
focusing lens element 100, to a photodetector. The fiber-
type coupler 350 may be optically connected to the pho-
todetector via an exit portion. Furthermore, the reflective
optical apparatus according to an embodiment may fur-
ther include a lens unit LS3 for focusing the scattered
light L50 on the coupler 350.

[0082] The above-described reflective optical appara-
tus according to an embodiment may have a DM-free
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structure. Accordingly, the optical path may be de-
creased, the size of an optical apparatus may be reduced,
the configuration may be simplified, and the manufactur-
ing costs may be saved. The light that is directly reflected
from the objectis notincident, or may not be substantially
incident, on the photodetector. Accordingly, unnecessary
reflected light may be easily removed. In this regard, the
configuration of a system may be simplified or light effi-
ciency may be improved.

[0083] It should be understood that embodiments de-
scribed herein should be considered in a descriptive
sense only and not for purposes of limitation. Descrip-
tions of features or aspects within each embodiment
should typically be considered as available for other sim-
ilar features or aspects in other embodiments. For exam-
ple, one of ordinary skill in the art could have known that
the structure of the reflective optical apparatus described
with reference to, e.g., FIG. 1 and FIGS. 5 to 12 may be
variously changed. As an example, the structure of the
focusing lens element can be variously changed to a sin-
gle lens or multiple lenses (multiple lenses arranged in
an optical axis direction), and the position of the light
source or other optical elements can be changed. While
one or more embodiments have been described with ref-
erence to the figures, it will be understood by those of
ordinary skill in the art that various changes in form and
details may be made therein without departing from the
scope as defined by the following claims.

Claims
1. A reflective optical apparatus comprising:

a lens element disposed to face an object to be
measured;

a light source configured to generate an incident
beam that passes through the lens element to
be incident on the object; and

a photodetector configured to receive scattered
light that is scattered by the object;

wherein the incident beam is obliquely incident
on the object off an optical center axis of the lens
element, without passing through the optical
center axis, and

wherein the scattered light is transmitted to the
photodetector by passing through the optical
center axis of the lens element and a region
around the optical center axis.

2. The reflective optical apparatus of claim 1, wherein
a ray of the incident beam is incident on the object
by passing through a first region of the lens element,
the first region being located between the optical
center axis and an edge of the lens element, without
passing through the optical center axis of the lens
element, preferably,
wherein the first region is closer to the edge of the
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lens element than to the optical center axis of the
lens element.

The reflective optical apparatus of claim 1 or 2,
wherein reflected light of the incident beam that is
directly reflected by the object travels off the optical
center axis, without passing through the optical cent-
er axis of the lens element.

The reflective optical apparatus of one of claims 1
to 3, further comprising a long pass filter provided
between the lens element and the photodetector.

The reflective optical apparatus of one of claims 1
to 4, further comprising a guide member provided
between the object and the lens element,

wherein the guide member has a barrel shape, pref-
erably

wherein the guide member comprises an aperture
configured to expose a partial region of the object.

The reflective optical apparatus of one of claims 1
to 5, wherein the lens element comprises:

(i) a first lens provided at a center of the lens
element; and

a second lens provided around the first lens,
wherein the second lens has a donut shape and
is configured to focus the incident beam on the
object; or

(i) at least one lens unit provided at a periphery
of the lens element in a direction perpendicular
to the optical center axis of the lens element,
wherein the at least one lens unit has a ball
shape and is configured to focus the incident
beam on the object.

The reflective optical apparatus of one of claims 1
to 6, wherein the incident beam is one from among
a plurality of incident beams that are incident on the
object through the lens element.

The reflective optical apparatus of claim 7, wherein
the plurality of incident beams have a substantially
same wavelength.

The reflective optical apparatus of claim 7, wherein
the plurality of incident beams comprises a first inci-
dent beam having a first wavelength and a second
incidentbeam having a second wavelength different
from the first wavelength.

The reflective optical apparatus of one of claims 1
to 9, wherein the photodetector comprises animage
Sensor or a spectroscopic sensor.

The reflective optical apparatus of one of claims 1
to 10, further comprising a relay optical system pro-
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12.

13.

14.

15.

vided between the lens element and the photode-
tector,

wherein the relay optical system comprises a first
relay lens, a second relay lens, and a pinhole plate
having a pinhole, the pinhole plate being provided
between the first relay lens and the second relay
lens.

The reflective optical apparatus of one of claims 1
to 11, further comprising a fiber coupler configured
to transmit to the photodetector the scattered light
that has passed through the lens element.

The reflective optical apparatus of one of claims 1
to 12, wherein the reflective optical apparatus is con-
figured not to include a dichroic mirror.

The reflective optical apparatus of one of claims 1
to 13, wherein the incident beam comprises a laser.

The reflective optical apparatus of one of claims 1
to 14, wherein the scattered light comprises any one
from among a Raman signal generated by the object,
afluorescence signal, and a photoluminescence sig-
nal.
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